Much effort has been directed to the selective determination of physiologically important substrates in biological fluids by means of spectroscopic, chromatographic , and electrochemical methods.") Recently, ion-selective electrodes equipped with an enzyme membrane have been studied extensively because of their high selectivity originating from the highly specific enzymatic reaction.3) To date, many kinds of electrodes such as the pH-sensitive glass electrode, ammonia electrode, and oxygen electrode, have been used to construct such enzyme electrodes.
The ion sensitive field effect transistor (ISFET)4 -6) can be endowed with sensitivity to biological compounds by covering the gate surface with an appropriate enzyme , and an ISFET coated with ionophore-containing polymer membrane was successfully applied to the determination of K + and Ca2+ ions:7) Caras and Janata , from this point of view, developed a penicillin-sensitive FET by immobilizing penicillinase on the gate of a pH-sensitive FET.8) The penicillin sensor exhibited a linear response to penicillin solutions over the range of 0 .2-25 mm. They have recently reported a quantitative analysis of the performance parameters of ISFET-based enzyme sensors.9 -11) we1 2 -15) and Miyahara et al. 16 ) have independently developed urea sensors by covering the ISFET gate with a urease membrane . The urea sensors are based on the urease-catalyzed reaction (1) , in which urea is decomposed to ammonia and carbon dioxide with consumption of H . The urease-bearing ISFET can detect the amount of 1-1± consumed through the reaction (1) as a pH change around the gate surface. The previous papers described the effects of some operating variables such as capacity and pH of the working buffer and the membrane thickness upon the performance characteristics of the sensor. [12] [13] [14] [15] This paper is concerned with the construction of an ISFET-based urea sensor and its application to the determination of urea in human blood.
(1) We have already reported in the previous papers that a pH-sensitive FET coated with a urease-albumin membrane serves as a urea sensor if operated in a low capacity buffer.12) In 1 mm Tris-HCl buffer, for example, the urea sensor exhibited near-Nernstian response for urea solutions over the range of 0.1-10 mm. One of the most difficult problems encountered when we employed the pH-sensitive device as a transducer for an enzyme electrode is that the performance characteristics of the sensor depend markedly upon the buffer capacity of the medium. This situation is inevitable since such pH-sensitive devices detect the pH change originating from the enzymatic reaction at the interior of the enzyme membrane in spite of the buffered medium. This is the case for the ISFET-based urea sensor. In order to obtain a higher response of the sensor to urea, it is preferable to operate the sensor in a low concentration of buffer (e.g. 1 mm buffer) in the neutral or slightly acidic pH region.13) These bound urease remained unchanged even after exposing the membrane repeatedly to blood samples containing possible interfering substrates such as proteins and lipids. Table I lists typical results of determination of urea in human blood. The values obtained by the urease-indophenol method are also listed for reference. Samples were diluted 10-fold or 20-fold with the working buffer prior to the potentiometric analysis due to the necessity of pH adjustment. The agreement between the values of urea concentration, as measured by the conventional urease-indophenol method and by the potentiometric method with the urea sensor, is acceptable for all samples. Both serum and plasma could be analyzed with the urea sensor. Further, hemolysis did not cause any disturbance in the potentiometric determination of urea with the sensor. We also analyzed sera diluted 2-fold, 4-fold, 6-fold, and 8-fold with the buffer. For 2-fold and 4-fold diluted samples, typically about 10% deviation of the values from those obtained with the urease-indophenol method was observed. This might be due to undesirable effects of proteins on the potentiometric response. These results suggest that it is preferable to analyze the blood serum and plasma after diluting them 10-fold or more with the working buffer in order to determine urea accurately.
Recovery
Recovery tests were carried out on 10-fold diluted serum and plasma in order to check the accuracy of the present method. Table II shows the results. The recoveries varied between 94% and 105%, which is satisfactory for analytical purposes. There was no significant difference between the results for serum and plasma.
Thus, we have shown that the urea concentration in blood samples can be determined potentiometrically by the use of the ISFET-based urea sensor. To obtain the maximum performance of the sensor, it is recommended to dilute the sample 10-fold or more with the buffer. Studies to further improve in the performance of the sensor are now in progress in this laboratory.
